Sporothrix cyanescens has been recovered from blood and a finger lesion at several medical centers in the United States. The morphology and physiology of these and three additional isolates were studied. S. cyanescens was distinguished from S. schencku and S. fungorum by white to lavender colonial pigmentation and from S. schenckii also by the formation of secondary conidia. Ail isolates of S. cyanescens grew well at 37°C, were cycloheximide susceptible, strongly urease positive, and benomyl resistant, failed to hydrolyze starch, and were inhibited by sodium chloride in vitro at a concentration of . 12%. Study of S. cyanescens in a murine model by using intravenous inoculation failed to demonstrate an invasive pathogenic potential. The validity of the transfer of S. cyanescens to the new genus Cerinosterus Moore is discussed.
The genus Sporothrix comprises a large number of species, many of which have teleomorphs in the genus Ophiostoma (formerly included in the genus Ceratocystis). The dimorphic fungus Sporothrix schenckii is a well-known pathogenic member of this genus. Sporothrix cyanescens was described by de Hoog and de Vries in 1973 (5) on the basis of six isolates from human skin and air samples. Of three isolates from human specimens, one was suspected to be the cause of mycosis of human skin and two were isolated from skin of the scalp and beard areas. In 1985, S. cyanescens was isolated on a single occasion from a blood specimen from two lymphoma patients undergoing antineoplastic chemotherapy (J. L. Harris, D. F. Dunbar, L. Sigler, A. Chapman, and L. Boucher, Abstr. Annu. Meet. Am. Soc. Microbiol. 1987, F83, p. 402). One patient, who had a long and complicated medical history, received no antifungal drugs and remains alive. The other patient, whose medical history was relatively unremarkable except for the lymphoma, responded well to amphotericin B but died of other complications. In neither of these two cases was there any documented evidence of fungus infection or involvement in patient mortality. However, its occurrence in specimens from normally sterile body sites, its isolation from debilitated individuals, and its thermotolerance suggested that S. cyanescens has the potential to be an opportunistic pathogen in the compromised host.
Following the report of these isolations from lymphoma patients, we have identified 11 additional isolates of S. cyanescens from blood culture specimens and 1 isolate from a finger lesion. The increased frequency of recovery of this mold, which has occurred in widely separated areas of the United States, raises further questions as to the potential pathogenicity of S. cyanescens. Although S. cyanescens is seldom reported, it is likely that this little-known fungus goes unrecognized in many laboratories. In this study, we describe the morphology and physiology of human and environmental isolates of S. cyanescens in comparison with isolates of S. schenckii and a morphologically similar spe-* Corresponding author.
cies, Sporothrix fungorum (5) . Because the pathogenic potential of S. cyanescens is not known, we examined the virulence of one isolate from a finger lesion in experimental animals.
MATERIALS AND METHODS
Cultures examined. A total of 14 clinical isolates of S. cyanescens referred to or isolated by the Texas Department of Health, Austin, the New York State Department of Health, Albany, and the Centers for Disease Control, Atlanta, Ga., were deposited in the University of Alberta Microfungus Collection (UAMH) along with the ex-type strain (culture derived from the type specimen; 19) and 2 environmental isolates (Table 1) . Several isolates of S. schenckii and S. fungorum were also examined ( PDA, and 16 to 30 mm on SAB after 2 weeks (Table 2) . A pronounced musty odor was detectable in cultures after 2 to 3 weeks of growth, especially when several isolates were incubated together in a small growth chamber or when the petri dishes were opened for subculture.
The colonies of S. fungorum were slower growing (Fig.  1F) , ranging from 12 to 16 mm in diameter on the different media after 2 weeks (Table 2 ), but similar in topography and texture. However, they remained white on all media and failed to develop a diffusing pigment or pronounced reverse color. The growth rates of S. schenckii were similar on all media, with mean diameters of colonies ranging from 18 to 21 mm (Table 2) . Colonies were initially glabrous and smooth or furrowed and pale creamy white, gradually dark- ening within 14 days on PYE ( Fig. 1D and E) or PDA to dark brown or black when more aerial mycelium formed. Colonies on SAB tended to remain glabrous and paler, but some brown pigmentation occurred by 28 days.
Physiological studies. The physiological features are compared in Table 2 . The species differed in their tolerance to cycloheximide, benomyl, and sodium chloride and in their urease activity. S. cyanescens was susceptible to cycloheximide, showing no growth on Mycosel agar, whereas S. schenckii and S. fungorum were resistant. Both S. cyanescens and S. fungorum grew at the same rate on benomyl-free and benomyl-amended medium, but S. schenckii was strongly inhibited. S. cyanescens was urease positive, reacting strongly by 4 days. S. schenckii was weakly urease positive by 7 days and strongly positive by 14 days, but S. fungorum failed to hydrolyze urea. S. schenckii was inhibited by 7% sodium chloride, whereas S. fungorum was tolerant of 15% salt. The majority of isolates of S. cyanescens were strongly inhibited by salt concentrations at 12 or 15%. One isolate (UAMH 6107) was inhibited at a concentration of 7%, and two other isolates (UAMH 6108 and 6281) were inhibited at 10%. None of the species hydrolyzed starch.
Microscopic morphology at 25°C. In Sporothrix species, small, usually apiculate conidia are borne sympodially from narrow denticles, which are often arranged in a rosette pattern (3) . The conidiogenous cells occur in an intercalary position or at the ends of short, erect, narrow (usually 1-to 3-,um wide) conidiophores. In the majority of species, including S. schenckii, only a single conidium is borne on each denticle (Fig. 4) . This species is further distinguished from most other species by the formation of small, solitary dark brown conidia which are formed directly on the sides of the hyphae (3, 18) . As these conidia develop, colonies begin to turn brown.
In S. cyanescens and S. fungorum, the primary conidia proliferate to form one or more secondary conidia and neither produces the solitary dark brown conidia. Although the microscopic morphology of these species has been described in detail elsewhere (5), we provide a brief description and illustrations of both species.
The terminal conidiogenous cells of S. cyanescens are frequently rather inflated (up to 5 ,um across) and bear several flattened denticles; the intercalary conidiogenous cells consist of one or two lateral denticles or are inflated and bear several denticles. Conidia are borne in two series; primary conidia (4 to 9 by 1.5 to 3.0 ,um) are hyaline, ellipsoidal, smooth, and bear 1 to 3 pyriform secondary (Fig. 6) .
S. fungorum can be differentiated by its long conidiophores and small globose secondary conidia (1.5 to 2.5 tim wide) (Fig. 7) .
Growth rates and microscopic morphology at 37 and 420C. The growth rate of S. cyanescens at 37bC on PDA was similar to that at 250C ( cyanescens and the well-known pathogen S. schenckii. Secondary conidia are not formed on the primary conidia of S. schenckii as they are in S. cyanescens. Pigmentation may develop in S. schenckii, but it is melaninlike and cell bound, occurring with development of the lateral, darkly pigmented conidia. In contrast, S. cyanescens colonies develop a distinct lavender color usually accompanied by a diffusing pigment. The lavender pigmentation is not expressed on SAB but is evident on media such as PYE or PDA. S. cyanescens is thermotolerant, with most strains able to grow at 42°C, susceptible to cycloheximide, and strongly urease positive by day 4. These features differentiate it from both S. schenckii and S. fungorum. While the microscopic morphology of the latter is similar to S. cyanescens, S. fungorum is unlikely to be encountered in a clinical setting since it is known so far to come only from decaying fleshy fungi. Sporothrix catenata (4) , which has been isolated from calf skin, differs from S. cyanescens in that conidia form in longer chains and the colonies remain white. Key to the species. 1 Relative to other species, the latter had a high proportion of galactose and glucose and a low proportion of mannose. Similar findings were obtained by Weijman and de Hoog (23) in a study of cell wall carbohydrates of a large number of Sporothrix species. They considered L-rhamnose or xylose in cell walls to be significant markers of teleomorph affinity and divided the genus into three sections. Rhamnose-containing species suggested a link to the ascomycete family Ophiostomataceae since S. schenckii and several species of % the genus Ophiostoma (formerly included in the genus Ceratocystis) demonstrated this component, whereas nonrhamnose-containing species were linked to the ascomycetous yeasts. The argument was further supported by the high O o mannose content of the latter species and ultrastructural J e d K evidence of a simple septum with Woronin bodies in S. I «:: < _ schenckii (20) . The only xylose-containing species, Sporothrix luteoalba, was considered to be basidiomycetous, and gS *~^this connection was confirmed by demonstration of a dolipore septum with a nonperforate pore cap (20) and a subsequent study (14) linking this species to teleomorphs in t | the genus Cerinomyces (members of the family Dacrymycetaceae). S. cyanescens was unusual in its lack of both MH 3677) after growth on brain heart L-rhamnose and xylose, its low mannose content, and its days showing hyphae and detached simple dolipore septum without a pore cap (20, 23 luteoalba. While they recognized the heterogeneity of the genus Sporothrix, they argued against its subdivision, since the sections could not be distinguished by morphological features. Recently, Moore (16) transferred both species (with S. luteoalba as the type species) to the new genus Cerinosterus for species with a Sporothrix morphology, xylose in the cell wall, and dolipore septa.
That S. cyanescens is linked to the basidiomycetes is supported by ultrastructural evidence, strong urease activity, and benomyl tolerance. Previous studies (21) have shown that the addition of the fungicide benomyl to agar media may be useful to indicate teleomorph affinity since most ascomycetous, but not endomycetous, fungi are severely restricted by benomyl at concentrations of 2 ,ug/ml. In our study, S. schenckii was inhibited but S. fungorum (teleomorph Stephanoascus [6] ) and S. cyanescens were resistant.
Although the teleomorph of S. cyanescens is unknown, Khan and Kimbrough (10) reported that reduced dolipores without pore caps occurred most commonly in some members of the families Filobasidiaceae and Ustilaginaceae (smuts). According to Kwon-Chung (13), members of the family Filobasidiaceae have yeast anamorphs (in the genera Cryptococcus and Rhodotorula), are nonfermentative, assimilate inositol, hydrolyze urea, and produce soluble starch. Haploid stages of smuts have not been well described, but studies are in progress (1) . In culture, some species are mycelial rather than yeastlike and then the microscopic morphology may be very similar to that of Sporothrix spp. One of the main distinguishing features is the propensity of the vegetative hyphae to lose their cytoplasmic contents while cytoplasm becomes concentrated in the sporulating regions (L.S., unpublished data). This feature is readily observed in slide culture preparations of species of the genus Ustilago, such as U. hypodytes (7) . As noted by Boekhout (1), smutlike fungi are commonly isolated from air, blood, and other substrates, but our ability to identify them with any degree of accuracy is impeded by lack of detailed studies of their in vitro characteristics.
A connection between S. cyanescens and these families of heterobasidiomycetes is tenuously based on septum structure. S. luteoalba and S. cyanescens appear to differ in septum structure, cell wall constituents, morphology, and connections to teleomorphs. Since we find no evidence to suggest that these species are related, the appropriateness of the taxonomic transfer proposed by Moore (16) requires further consideration. We therefore opt to continue use of the name S. cyanescens for now.
Pathogenicity. Since 1985, we have studied 13 isolates of S. cyanescens from blood culture specimens and 1 from a skin lesion. Case histories of patients for whom we were able to obtain detailed information (Table 1 ) demonstrated that this fungus was recovered primarily from individuals who were immunocompromised or debilitated. Weitzman (24) discussed the significance of saprophytic fungi as agents of infection in immunocompromised patients. She cautioned that saprophytes which are repeatedly isolated from a normally sterile site must be given consideration as a possible disease agent, especially if there is corroborating direct microscopic evidence in the primary specimen or evidence of invasion by histopathology.
Two of our patients ( S. cyanescens appears to be a skin commensal which may be introduced into the blood by a venous catheter or during collection of the specimen. The frequency of its occurrence on skin has yet to be evaluated; the use of cycloheximidecontaining media for isolation of fungi from dermatologic specimens would preclude the routine isolation of this mould from skin scrapings. Although we initially suspected contaminated blood culture systems as a possible source of the fungus, the use of several different types of systems ( Table 1) argued against that possibility.
Tests for pathogenicity conducted previously and in this study suggest that S. cyanescens has low invasive potential. Several ofthe originally described strains were inoculated on the skin of guinea pigs (5). After 6 weeks, no lesions had developed at the inoculation sites on the test animals. Our strain (UAMH 6285) did not behave as a virulent fungus in our model using either normal or cortisone-treated mice. In studies using normal mice, clinical isolates of S. schenckii produced 100% mortality over a 12-to 24-day period postinoculation. Cultures taken during this time were grossly positive (colonies too numerous to count) from all organs sampled. In contrast, strain UAMH 6285 of S. cyanescens produced neither mortality nor observable signs of infection and was eliminated from both normal and cortisone-treated animals by 41 days after inoculation.
Our findings are further supported by the report of Kurata (12) that only S. cyanescens was unreactive among 11 species studied in skin tests on sporotrichosis patients.
The habitat of S. cyanescens has not been well defined. Catalogues of the Commonwealth Agricultural Bureaux International Mycological Institute, Kew, United Kingdom, and the Centraalbureau voor Schimmelcultures, Baarn, The Netherlands, list isolates from sources such as air, plant material from Eucalyptus pauciflora, Eucalyptus transcontinentalis, and Vitis vinifera in Australia and India, and pomegranate in Israel. At the completion of this study, the senior author encountered S. cyanescens growing on the embryo of Prunus persica var. nucipersica (nectarine) .
In summary, we conclude that, although S. cyanescens grows well at body temperature, it does not appear to be virulent. Since the fungus has been encountered in clinically significant situations, we have presented information to alert the diagnostic laboratory of the features for its identification and differentiation from the pathogenic S. schenckii.
